The metabolic intermediates of nitrogen source have been proved to have 13 multiple functions on the metabolism of mehthanotrophs. In this study, 14 accumulation and assimilation mechanism of the nitrate metabolic 15 intermediate ammonium in the fast growing Methylomonas sp. ZR1 was 16 analyzed. Although, nitrate salt was the best nitrogen source supporting 17 the growth of ZR1, its metabolic intermediate ammonium would 18 accumulate and inhibit ZR1. Kinetic studies indicated that accumulation 19 of NH4 + was deduced from the imbalance of nitrogen and carbon 20 metabolism. Compensation of carbon skeleton α-keto-glutaramate could 21 effectively relieve the inhibition of NH4 + to ZR1, which further approved 22 42
the assumption. qPCR analysis indicated a third ammonium assimilation 23 pathway Glycine synthesis system may function in ZR1 under high 24 ammonium tension. In the presence of ammonium, ZR1 might employ 25 two strategies to relieve the ammonium stress, one was assimilating the 26 excess ammonium, and another one was cutting off the nitrogen reduction 27 reactions. Investigation of the nitrogen metabolism and its influence to 28 the carbon metabolism is meaningful to systematically understand and 29 control the C1 feedstock bioconversion process in methanotrophs.
30
Importance: 31 The nitrogen metabolism in methanotrophs has long been concerned. 32 However, there are lots of research problems yet to be solved. In this 33 study, the accumulation and assimilation mechanism of the nitrogen 34 metabolic intermediate ammonium in the fast growing Methylomonas sp.
35
ZR1 was analyzed. Owing to the imbalance metabolism of carbon and 36 nitrogen source, ammonium would accumulate to high concentrations to 37 inhibit cell growth. Compensation of carbon skeleton was an effective 38 strategy to relieve the inhibition of NH 4 + . A third ammonium 39 assimilation pathway related genes were proved actively expressing in 40 ZR1 when it confronted with high ammonium tension. When confronted 41 with ammonium tension, ZR1 might employ different strategies to as carbon source, ZR1 was cultured in bubble column reactor for the 142 ammonium accumulation study; and cultured in flask with gas refreshing 143 every 12 hours for the nitrogen source screening, ammonium inhibition 144 test and carbon skeleton replenishing study.
145
Total nitrogen and ammonium concentration analysis method 146 Total nitrogen concentration in the fermentation broth was analyzed using 147 the TOC/TN analyzer Multi N/C 2100s (Analytik Jena AG, German).
148
Fermentation broth was first centrifuged, and the supernatant were diluted 149 using ddH 2 O into suitable concentration for the analysis. 150 Ammonium was analyzed using the indophenol blue reaction according 151 to the method described by Xie et al. (Xie et al., 2005) . The fermentation 152 broth was first centrifuged, and 0.1 ml of the supernatant were added with 153 0.5ml reaction solution 1 (3.5 g phenol and 0.04 g sodium nitroprusside 8 in 100 ml ddH 2 O), and 0.5 ml reaction solution 2 (1.8 g sodium sodium 155 hydroxide and 4.0 mmol sodium hypochlorite in 100 ml ddH 2 O ). The 156 mixture was maintained at 37℃ for 1 hour, and the absorbance of the 157 solutions was read on a spectrophotometer at 625 nm. The concentration 158 of the ammonium in the samples was calculated according to the 159 calibration curve established using ammonium chloride.
160

Methanol concentration 161
Methanol concentration in the fermentation broth were measured by a GC 162 (GC9790, Fuli Instrument, China) equipped with a flame ionization 163 detector (FID) and a capillary column (0.25μm, 60m×0.25mm, 164 7KG-G013-11 Zebron TM , Phenomenex).
165
Kinetic analysis of the carbon and nitrogen metabolism to cell growth 166 The growth, carbon and nitrogen assimilation curve were first fitted using 167 the logistic model in Origin 9.0. Then the simulated curve were took 168 derivative with respect to OD 600 of ZR1 using the mathematic module of 169 origin 9.0. and with 20% methane (v/v) in the headspace. For methanol as carbon 175 sources, strains were cultured with 6 g/l methanol in 50 ml NMS medium 9 in 250 ml flask. For preparing ammonium inhibition samples, 0. can be seen that nitrate salt was the most suitable nitrogen source and 222 ammonia salt could not effectively support the growth of ZR1 from 223 methane and methanol. It was generally regarded that ammonium radicals 224 were the competitive inhibitor of particular methane monooxygenase 225 (pMMO) (He et al., 2017; Hu and Lu, 2015; Dam et al., 2014; Nyerges et 226 al., 2010; Nyerges and Stein, 2009; Nyerges, 2008; Dunfield and 227 and Dalton, 1983), which will resulted in the lower growth of strains from 229 methane. However, this study also proved that ammonium would hinder 230 the growth of ZR1 from methanol, although its supposed competent 231 object pMMO is not the key enzyme for the metabolism of methanol. It 232 means that ammonium might have other inhibition effects for the growth 233 of ZR1, besides its competitive inhibition effect to pMMO. sources is similar to that of methanol. The highest cell density of ZR1 265 achieved 4.8 with 1.5 g/l potassium nitrate (Figure 2c ), however the 266 specific growth rate of ZR1 achieved 0.23 with 1 g/l of potassium nitrate 267 ( Figure 2d ). It has been reported that growth of type Ⅱ methanotrophs 268 OB3b were also inhibited by 40 mM nitrate (4 g/l) (Park et al., 1991a) .
269
These phenomenon indicated that nitrate as nitrogen source when its were strictly inhibited with 0.1 g/l of NH 4 Cl (1.86 mmol/l), while growth 325 of ZR1 from methanol were totally inhibited by 0.05 g/l of NH 4 Cl, which 326 indicated that growth of ZR1 from methanol is more sensitive to NH 4 + 327 than that from methane. And according to Figure 3 the final accumulated 328 NH 4 + with initial higher concentration of nitrate salts could achieve 25 329 mg/l (0.89 mmol/l), which was high enough to inhibit the growth of ZR1 from methanol.
331
It was generally regarded that ammonium radicals were the competitive 332 inhibitor of pMMO (He et al., 2017) . In this study, ammonium was also 333 identified to inhibit the growth of ZR1 from methanol and accumulate accumulation and assimilation mechanism is meaningful to understand 340 the metabolism mechanism of methanotrophs. from methanol. a, 6 g/l methanol and 0.2 g/l nitrate sodium; b.6g/l 365 methanol and 0.5g/l nitrate sodium; c. 6 g/l methanol and 1 g/l nitrate 366 sodium; d. 6 g/l methanol and 1.5 g/l nitrate sodium; e. 6 g/l methanol 367 and 2 g/l nitrate sodium; f. 12g/l methanol and 2g/l nitrate sodium 368 According to Figure 5 , it can be found that with methanol under the same 369 concentration of 6 g/l, ammonium accumulation increased with the 370 increscent of nitrogen concentration. Nonetheless, increasing the carbon 371 sources to 12 g/l (Figure 5e ), the accumulated ammonium will 372 subsequently decrease. These results indicated that ammonium 373 accumulation was deduced from the imbalance of the carbon and nitrogen metabolism. And according to the nitrogen test result (Figure 1, Figure 3) , 375 the accumulated ammonium could achieve 25-30 g/l which was high 376 enough to inhibit the growth of ZR1 from methane and methanol as 377 carbon sources. According to the nitrogen metabolism pathway of microorganisms, many 436 studies indicated that, ammonia is a competitive inhibitor of pMMO, 437 which deduced the inhibition effect of methanotrophs from methane.
438
However, this study also identified the inhibition effect of NH + 4 on ZR1 439 with methanol as carbon source. So, besides the competitive inhibition and nif gene expression level to decrease the formulation of ammonium 519 might be the main strategy employed by ZR1. With the replenishment of 520 the C5 skeleton, the expression level of ammonium assimilation gene gltB and alaD using C5 and C3 carbon skeleton decreased to 0.12 and 522 0.08, and the nitrate and nitrogen reduction gene return to normal level.
523
However, the gcvT gene in the third ammonium assimilation direction 524 expressed 2 times higher.
525
Nitrate and its metabolic intermediate were found to have multiple 526 functions for the primary metabolism in biology (Stitt, 1999; Commichau 527 et al., 2006; Cueto et al., 2016) . Ammonium was found to be an important 528 signal molecular to affect the methane and nitrogen metabolism in 529 methanotrophs (Dam et al., 2014; Bodelier and Laanbroek, 2004) . In this 530 study，it was also found that, owing to the imbalance metabolism of 531 carbon and nitrogen source, ammonium would accumulated to 532 congcentrations high enough to inhibited cell growth. High concentration 533 ammonium will result in high level expression of several genes concerned 534 the carbon and nitrogen metabolism.
535
Conclusions:
536 Nitrate and its metabolic intermediate were found to have multiple 537 functions for the primary metabolism in biology (Stitt, 1999; Commichau 538 et al., 2006; Cueto-Rojas et al., 2016) . Ammonium was found to be an 539 important signal molecular to affect the methane and nitrogen metabolism 540 in methanotrophs (Dam et al., 2014; Bodelier and Laanbroek, 2004) . In 541 this study，it was also found that, owing to the imbalance metabolism of 542 carbon and nitrogen source, ammonium would accumulated to concentrations high enough to inhibited cell growth. High concentration 544 ammonium will result in high level expression of several genes concerned 545 the central carbon and nitrogen metabolism, and thus change the 546 metabolic mode of cells.
547
First, effect of nitrogen substrate to the growth of ZR1 from methane and 548 methanol were analyzed. Nitrate salts were proved to be the best nitrogen 549 substrate to support the growth of ZR1 from methanol and methane as
